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The mechanisms regulating morphogenesis, homeostasis, and
repair of the vertebrate skeleton remain unclear. Zebrafish are a well-
suited model for investigating skeletal biology. They possess a classic
vertebrate skeleton including endochondral and membranous ele-
ments and they have the three signature skeletal cell types
(osteoblasts, osteoclasts and chondrocytes). Therefore, zebrafish
mutants that alter skeletal morphology and physiology may provide
insight into the fundamental mechanisms involved in human skeletal
development. The rapunzel mutant acts globally, resulting in
profound overgrowth of the axial and appendicular skeleton. We
mapped rpz to a 46 kb critical interval on chromosome 16 that was
found to contain a family of five novel, paralogous genes. I examined
the coding sequences of all five paralogs and found that one gene,
rapunzel (rpz), contained a missense mutation resulting in a non-
conserved amino acid substitution. Using the embryonic phenotype,
we show that knockdown of rpz completely rescues the homozygous
embryonic phenotype, demonstrating that rpz is a gain of function
allele. This evidence provides the first gene identification for a
mutation affecting development of both the fin ray and the axial
skeleton. We are exploiting the rpzmutant to obtain new information
regarding skeletal development and homeostasis. Using bone
morphometry, in situ hybridization and tissue culture experiments,
we will learn more about how rpz is regulating skeletogenesis.
Understanding these fundamental aspects of skeletal biology will
offer broad insight into skeletal disorders.
doi:10.1016/j.ydbio.2009.05.275
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Cranial foramina are holes in the skull allowing the entry/exit of
blood vessels and nerves. They remain open once formed to make a
good model of bone inhibition. Malformation and closure of cranial
foramina lead to raised intracranial pressure. Blindness, deafness and
facial paralysis can occur if cranial foramina close. We have established
nomenclature and locations of chick embryo cranial foramina. Cellular
appearance of cranial foramina and structure of the blood vessels and
nerves within them have been investigated, using immunohistochem-
ical techniques. In-situ hybridisation analysis of expression of skeletal
markers has indicated that mesenchyme adjacent to the blood vessels
and nerves initially embarks upon the skeletogenic differentiation fate
but this halts and the mesenchyme forms a “zone of inhibition” around
these structures. Role of nerves in cranial foramina development is
investigated via ablation of hypoglossal and optic nerves. Neurofila-
ment antibody staining has confirmed the absence of these nerves
after ablation and alcian blue/alizarin red stained skeletal preparations
demonstrate the effect on resulting cranial foramina. Presence of
antichondrogenic/antiosteogenic signals within cranial foramina is
being investigated. C type natriuretic peptide (CNP) is known to bind
to its receptor GC-B to cause chondrogenesis. If CNP binds to the
clearance receptor (NPR-C), inhibition of chondrogenesis occurs.
Expression of CNP and NPR-C is being studied in cranial foramina.
Initial results suggest a role for CNP signalling in development of
cranial foramina.
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The evolutionary presence or absence of secondary cartilage
reflects species-specific differences in functional anatomy. Secondary
cartilage arises in the head skeleton at articulations, sutures, and
muscle attachments after formation of the primary cartilaginous
skeleton and subsequent to osteogenesis. To investigate mechanisms
that regulate secondary cartilage formation, we conducted experi-
ments using quail and duck embryos, which exhibit distinct
craniofacial morphologies. Quail have small pointed beaks that peck
at seed, while duck have large wide bills that filter heavy mud. In
duck, jaw muscles attach to a pronounced secondary cartilage that is
absent in quail. Neural crest mesenchyme (NCM), which gives rise to
all skeletal and connective tissues of the jaw, contains information
for species-specific pattern. We hypothesize that NCM-dependent
mechanisms also generate species-specific differences in the local
mechanical environment that can either promote or inhibit secon-
dary chondrogenesis. To test our hypothesis we employ two
approaches. First, we alter the mechanical environment in embryonic
duck by paralyzing skeletal muscles, and by inhibiting stretch-
activated channels. Second, we re-pattern the duck jaw complex to
resemble that found in quail by transplanting NCM. Both approaches
inhibit secondary cartilage, as evidenced by 3D reconstructions,
histological analyses, and changes in expression of genes associated
with musculoskeletal development including sox9, col2a1, runx2,
fgfr2, and bmp4. We conclude that NCM controls molecular pathways
underlying musculoskeletal patterning, which in turn establishes
mechanical forces necessary to induce secondary cartilage.
doi:10.1016/j.ydbio.2009.05.277
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Dermal skeleton (bony fin rays, lepidotrichia) is a major
component of fin skeleton in both paired and median fins of bony
fish. Recent developmental evidence suggests that fin patterning
mechanisms might originate in median fins, whereas fossil evidence
suggests that dermal skeleton formation preceded endoskeleton in
paired fins. This raises an intriguing possibility that dermal skeleton-
generative mesenchyme may play an important role in fin develop-
ment. However, due to the lack of homology with tetrapod limb
endoskeleton, the developmental origin of dermal skeleton in bony
fish fins is largely overlooked. Here we present the zebrafish mutant
Lewis, which exhibits ectopic dermal skeleton formation in the
ventral midline fin fold resulting in a novel fin. Isolated from an X-ray
mutagenesis screen, Lewis homozygous mutants possess an ectopic
fin between two pelvic fins. We observed that the pre-anal fin fold,
which normally degenerates in wild type individuals, appears to be
invaded by mesenchymal cells and transformed into a midline-
positioned fin with paired fin morphology in the Lewis mutant. We
further demonstrate that the dermal skeleton of the ectopic fin is
derived from the invasive mesenchymal cells and is patterned
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